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II. "Results of an Inquiry into the Periodicity of Rainfall." 
By G. M. Whipple, B.Sc, F.R.A.S., Superintendent of the 
Kew Observatory. Communicated by Robert H. Scott, 
F.R.S. Received January 8, 1880. 

The exceptionally heavy rainfall of the past spring and summer 
directed a large amount of attention to the records of rainfall in this 
country, and more than one investigator stated that he had found a 
certain periodicity existing in the quantity of rain annually collected. 

Dr. Meldrum, Professor Balfour Stewart, Mr. Hennessey, Professor 
Stanley Jevons, Dr. Hunter, and others, have also widely published 
theories based upon the assumption that the variation in the yearly 
amounts of fall depends in some manner upon solar phenomena as 
exhibited by the changes in the appearance of the sun's surface, thereby 
indicating a cycle of approximately ten or eleven years' duration ; but 
even among the supporters of this so-termed " sun-spot " theory of 
rainfall there are differences of opinion as to the exact nature of the 
influence an increase of sun-spots would exert upon the rainfall of any 
locality. 

Mr. G. J. Symons, in "N'ature," vol. vii, p. 143, has partially in- 
vestigated these theories, and shown the ten-year period does not 
obtain universally. 

After reading a paper by Professor Stewart, in the " Proc. Roy. 
Soc," vol. xxix, p. 106, " On a Method of detecting the unknown 
Inequalities of a Series of Observations," it occurred to me to try the 
method he employed upon terrestrial magnetic changes, upon the 
annual values of the rainfall, in order to deduce from the observations 
themselves the true periodicity, if one existed. 

With a view of dealing with the largest mass of material possible, I 
took the long series of rainfall observations made at Paris from 1689 
to 1875, published by M. Marie Davy, in the " Annuaire de TObserva- 
toire de Montsouris." 

These I proceeded to discuss on Professor Stewart's plan, but finding 
it entailed great labour, and held out little prospect of eventually 
giving a good result, I soon abandoned it, and after several experi- 
ments, adopted the following method, which would detect at once the 
presence of a cycle of an integral number of years in duration. 

Starting with an assumption of a period, which I first made ^Ye 
years in length, and subsequently extended, I grouped all the observa- 
tions together, first in five-year groups, then in six-year, then in seven- 
year, and so on, year by year, until I reached thirteen years. The 
means of these furnished a set of curves, showing the variation from 
the mean in the amount of annual rainfall for each of the years com- 
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posing the series under consideration. Perhaps I shall make the opera- 
tion clearer by explaining in detail the actual method of working finally 
adopted. 

Taking the table of yearly totals, the dates were written down on 
paper side by side, in horizontal rows, in red chromographic ink, and 
then the corresponding rainfalls in blue. From this sheet a number 
of impressions were worked off, each of which was cut into slips, 
afterwards gummed together, so as to form a long strip, exhibiting in 
a straight line the whole table of rainfall. 

The strips were next divided into short lengths corresponding to the 
period to be investigated (e.^., for a five-year period, each piece con- 
tained the values for five consecutive years), and th6n gummed on 
a sheet of paper one beneath the other, so that eventually we had ^yq 
columns of figures, the means of which represented the average 
rainfall for each of the years represented by 

(1 + 5) (1 + 2-5) (1 + 3-5) (1+^5) 

(2 + 5) (2 + 2-5) (2 + 3-5) (2+ti5) 

(3 + 5) (3 + 2-5) (3+3-5) (3+7^5) 

(4 + 5) (4+2-5) (4+3-5) (4+^5) 

(5 + 5) (5+2-5) (5+3-5) (5 + ?i5) 

The mean of the whole series also being known, it became possible 
to form a curve, showing the variation in the amount of rainfall upon 
the assumption of a five-year period. 

By applying the same process to other copies, curves were finally 
drawn for cycles extending respectively over six, seven, eight, nine, 
ten, eleven, twelve, and thirteen years, and the points of maximum 
and minimum noted for each curve. 

Tables I to IX, and figs. 1 and 2, exhibit the res alt of this process 
as applied to the whole series of observations discussed, including the 
Paris results. 

Next, the whole of the observations were plotted down, and a long 
€urve was drawn through them ; from this the maximum years of fall 
were determined and noted. The dates of these maxima and minima 
were then compared with the dates of corresponding maxima and 
minima of a curve based upon the five-year cycle, as determined 
above, and the number of coincidences and non-coincidences noted. 

The same operation was performed with each of the cycles, and 
finally the ratio existing between the number of coincidences and non- 
coincidences was calculated. The results are given in Table X. 

This table shows that in no one case is there any indication of a 
period of any integral number of years from ^yq to thirteen inclusive 
running through them. 

Hence, whatever period of variation in rainfall there may be, coin- 
cident with fluctuations in the spotted surface of the sun, either of ten, 
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Fia. 1. 



Curves of Rainfall Yariation in Cycles of 5 to 13 Years. 
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eleven, or twelve years, tMs method of treatment shows it to be com- 
pletely masked (in a long series of observation) by ofcber variations. 

The discrepancies exhibited in the first tables obtained made it very 
desirable to extend the field of inquiry, by including as many obser- 
vations in the discussion as possible ; but having fixed upon the 
arbitrary limit of fifty years as the least number of years of observa- 
tions suitable for dealing with after my method, the materials for 
doing so were not very abundant. Eventually I was able to collect 
the following ten series : — 



Station . 


Periods. 


No. of 
years. 

161 
154 

140 
115 

66 

65 

58 
57 

54 
54 


Authority. 


Paris 

Padua 

England (Sy- 
mons' table) . . 

Milan 

London 

Madras 

Philadelphia . . 
Edinburgh .... 

New Bedford . . 
Home 


1689 96, 1699 1754, 
1773 -97, 1804—75 . 
1725 to 1878 


Annuaire de Tobservatoire 

de Montsouris, 1879 
MSS. from P. Penza 

B. A. Eeport, 1866 
MSS. from P. Denza 
Dines and Symons 
" Nature," vol. xviii, j). 

565 
Smithsonian Tables, p. 97 
" Nature," vol. xviii, p. 

97 
Smithsonian Tables, p. 90 
MSS. from P. Denza 


1726 to 1865 


1764 to 1878 


1813 to 1878 


1813 to 1877 


1810 to 1867 


1822 to 1878 


1814 to 1867 


1825 to 1878 


^ 



To these I added an eleventh one, forming a series by combining 
together the annual rainfall for 1822 to 1875 at London, Paris, and 
Edinburgh. This increased the total number of years of observations 
used in the discussion to 978. 

The result of the extended investigation in no way affected the con- 
clusion pointed out by the observations previously treated, viz., that 
taking the series of annual totals directly as they stand, there is no 
marked indication of the presence of a short cycle to be found. 
There are a few exceptions, notably in the case of the nine-year period 
for New Bedford and Philadelphia, the eleven-year cycle for Madras, 
and the ten-year cycle for London, Paris, and Edinburgh combined, 
in all of which cases the coincidences but slightly preponderate over 
the non-coincidences. 

Again on consideration of the differences in Tables I to IX, it will 
be seen that for the same epoch the curves of variation differ widely 
for localities comparatively close together. For example, taking the 
eleven-year cycle for Padua and Milan, stations only about 130 miles 
apart, both well situated for observing rain, and no mountain range 
intervening, the variation curves are as follows : — - 



74 



Mr. G. M. Whipple. Results of an [Jan. 15. 



Year 


1800 
+ lln 


1801 
+ Un 


1802 
+ lln 


1803 


1804- 
+ Un 


1805 
+ lln 


1806 
+ lln 


1807 
+ lln 


1808 

+ 1171 


1809 
+ lln 


1810 

+ 1171 




Padua 

Milan ». 


-1-3 

-5-0 


-0-3 
+ 1-5 


-1-7 

+ 0-2 


+ 1-3 
-1-9 


+4-2 
-2-5 


+ 4-2 
0-0 


-4-9 
+ 3*0 


+ 3-4 

+ 4-7 


-2-8 
-5-6 


-2-8 
+2-6 


+ 1-7 
+ 3-3 





These show that the years of greatest rainfall at Padua are repre- 
sented by the formula [1804 or 5 + 11^], and of least by [1806 + 11^], 
whilst for Milan the maximum occurs at [1807 + lln] , and the minimum 
at [1808 + 11^^]. 



Ym. 2. 
Curves of Rainfall Variation in Cycles of 5 to 13 Years. 



RAINFALL 
CYCLE 



SCALE 
IN 
CENTIMETRES 
+10 

+ 5 

PARI S -0 



rrnnrrrr 



iYEiAR 
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further inspection of the tables will show numerous other instances 
of incongruity to be found in every one of the cycles, leading forcibly 
to the conclusion thai: either no short term of exactly five, six, seven, 
eight, nine, ten, eleven, twelve, or thirteen years exists in the annual 
amount of rainfall at any of the stations whose observations have 
been here discussed, or that the effect of abnormal falls is so great that 
it cannot be eliminated by upwards of a hundred years' observations. 

In any case, I think it may now be stated with certainty that all 
predictions as to rainy or dry years, based upon existing materials, 
must in future be considered as utterly valueless. 

My thanks are due to Mr. H. H. Scott, Director of the Meteoro- 
logical OfiBtce, for several valuable suggestions, and to Padre F. Denza, 
Director of the Moncalieri Observatory, for manuscript copies of the 
Italian observations. 
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Curves of Rainfall Variation in Cycles of 5 to 13 Tears. 
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